Steatohepatitis, of either alcoholic or nonalcoholic etiologies, is ultimately diagnosed by clinicalpathologic correlation and is characterized histologically by lesions that differ from the portal-based chronic inflammation and fibrosis of most other forms of chronic liver disease. With the increasing prevalence of steatohepatitis in our society, it is likely that some patients will have coexistent clinical and/or histopathologic findings of steatohepatitis concurrently with another form of liver disease. The aim of this study was to document clinical and histologic findings in biopsies in an academic referral center. Ninety-three non-allograft liver biopsies with lesions of both steatohepatitis and another liver disease were retrospectively identified in 85 patients. The finding of coexisting disease represented 5.5% of all hepatitis C biopsies and 4.0% of other forms of chronic liver disease in the 34 month time period. Clinical chart review of patients with concurrent disease showed the following: Group 1, patients with hepatitis C (n ‫؍‬ 54); Group 2, patients with hepatitis C and prior or current history of more than 80 g/d alcohol consumption (n ‫؍‬ 20); Group 3, patients with other forms of chronic liver disease (n ‫؍‬ 11). Groups 1 and 3 had <10 g/d alcohol use. Obesity (body mass index >30) was noted in 75%, 60%, and 33% respectively, while 94%, 87% and 100% of patients were considered overweight (body mass index > 25). Diabetes was reported in 35%, 25%, and 9%. The concurrence of clinical and histologic features of steatohepatitis with another chronic liver disease may be a reflection of the frequency of steatohepatitis in the population at large.
Nonalcoholic steatohepatitis is the current nomenclature for a chronic, progressive form of liver disease of diverse and incompletely understood etiologies; nonalcoholic steatohepatitis is being recognized with increasing frequency in adult and pediatric populations in the western world (1) (2) (3) (4) (5) (6) . The histologic features that characterize nonalcoholic steatohepatitis were documented in the wellknown study by Ludwig et al. in 1980 (4) . The constellation of histologic lesions, which are similar regardless of the etiopathogenesis (2, 4 -6) , are considered to be morphologic manifestations of complex metabolic derangements and consequent necroinflammatory lesions that result in hepatocellular fat accumulation, liver cell injury, parenchymal inflammation and perisinusoidal fibrosis that may progress to cirrhosis. The histologic features of steatohepatitis are commonly noted to be predominantly found in zone 3 of the acinus of precirrhotic biopsies, and are distinct from the characteristic portal-based chronic inflammation and fibrosis, and spotty lobular necrosis of most other forms of chronic viral, metabolic and cholestatic liver disease (7) .
More than one disease process may concurrently involve the liver; the lesions may be distinguishable by histopathologic examination. In some settings, coexistence of more than one process may be significant in disease progression. Some examples include hepatitis C and B (8 -10) , hepatitis C and alcoholic liver disease (11, 12) , hemochromatosis, and/or HFE mutations in patients with several other forms of viral and metabolic liver disease (13) (14) (15) (16) . Although some of the histologic lesions found in various entities of differing etiologies may be similar, or may be considered "nonspecific" necroinflammatory findings, careful microscopic examination may allow for discrimination of lesions for an accurate diagnosis (7) . It has been our experience that the constellation of histologic features of steatohepatitis may also be recognized in biopsies from patients with another serologically and/or clinically determined form of chronic liver disease. The purpose of this study was to document the frequency of such cases in a large biopsy service in an academic referral center, and retrospectively review the clinical features of the selected patients.
MATERIALS AND METHODS
A computer search of the Pathology files of Saint Louis University Health Sciences Center from June 1997 to April 2000 for the specific diagnosis of "steatohepatitis" was performed. This file included inhouse and consultation needle liver biopsies of adult patients evaluated by hepatologists in the Liver Clinic of Saint Louis University Health Sciences Center. After allograft liver biopsies were excluded, biopsies with both the histopathologic diagnosis of steatohepatitis, and another serologically or historically-defined liver disease were collected. The selected biopsies were reviewed; for purposes of this study only cases with at least zone 3 perisinusoidal fibrosis were included as a means to exclude cases with steatosis and lobular inflammation only, and specifically those in which overlapping features of steatosis and lobular chronic inflammation are likely attributable to hepatitis C. These are more stringent criteria for steatohepatitis than are applied to "uncomplicated" steatohepatitis, in which there may be cases without zone 3 perisinusoidal fibrosis (17) . In addition, the following features were documented: amount of steatosis (1 ϭ up to 33%; 2 ϭ 33-66%; 3 ϭ more than 66%), location of steatosis (i.e., zone 3 predominant or diffuse), presence or absence of Mallory's hyaline as detected by H&E stains; acinar location and extent of involvement by perisinusoidal fibrosis; and, when applicable, portal fibrosis stage by Scheuer's system (18) . Twenty-five biopsies with cirrhosis were selected after review because of extensive perisinusoidal fibrosis and steatosis with or without Mallory's hyaline.
From the identified patients, clinical charts were reviewed for the information as close as possible to the date of the liver biopsy: gender, age, weight and height, blood pressure, clinically-determined etiology of liver disease; serum levels of aspartate transaminase, alanine transaminase, aspartate transaminase-alanine transaminase ratio, alkaline phosphatase, bilirubin; presence of hypercholesterolemia as defined by cholesterol more than 200 mg/dL and hypertriglyceridemia, as defined by serum triglycerides Ͼ250 mg/dL; use of medications for diabetes, hypertension, and lipid lowering, and current or past use of alcohol. Hepatitis C genotypes were recorded where available. The body mass index was calculated from stated height and weight measurements and obesity was defined as body mass index more than 30. Eight patients had had two different biopsies identified by the search, and clinical values from the time of the first biopsy were those used in this study.
Statistical analysis was performed with SigmaStat, SSPS, Chicago, IL.
This retrospective slide and chart review study was approved by the Institutional Review Board of Saint Louis University.
RESULTS
The computer search yielded a total of 3581 biopsies during the specified 34-month period. Of these, steatohepatitis was one of the diagnoses, or the only pathologic diagnosis on record in 419 (11.7% of total) cases. After re-review, 93 (2.6% of total biopsies) biopsies from 85 patients fulfilled the clinical (non-allograft) and histopathologic criteria (requirement for pericellular fibrosis) as stated above for this review. Table 1 shows the incidence of concurrent steatohepatitis with another liver disease diagnosed by biopsy in our academic liver biopsy series. Coexistence of steatohepatitis was seen in biopsies from 74 patients with hepatitis C, which reflected 5% of all biopsies from patients with hepatitis C during the specified time. The other liver diseases with concurrent steatohepatitis were primary biliary cirrhosis (4 patients), autoimmune hepatitis (1 patient), alpha-1-antitrypsin deficiency (2 patients), hepatitis B (2 patients), iron overload C282Y/wt (1 patient), and drug-induced (nitrofurantoin) hepatitis (1 patient). Coexistent steatohepatitis in nonhepatitis C patients ranged from 1.6% (autoimmune hepatitis) to 7.9% (alpha-1-antitrypsin deficiency); in aggregate, 4.0% of all other forms of chronic liver disease. The statistical incidence of co-existent steatohepatitis with chronic hepatitis C was not greater than in the other forms of chronic liver disease (P ϭ n.s.). Figures 1-3 illustrate lesions of steatohepatitis in cases of primary biliary cirrhosis, ␣-1-AT, and hepatitis C, respectively.
Following the clinical chart review, three distinct patient groups became evident: Group 1, patients with clinical and serologic diagnosis of hepatitis C (n ϭ 54); Group 2, patients with hepatitis C and historical past or current use of Ͼ80g/d alcohol (n ϭ 20); and Group 3, patients clinically diagnosed with other, non-hepatitis C, forms of liver disease (total n ϭ 11), as noted. All patients in Groups 1 and 3 consumed less than 10g/day of alcohol. Table 2 is a summary of pertinent histologic findings in the three groups. Steatosis and perisinusoidal fibrosis were found in all biopsies, as defined by inclusion criteria for the study. Steatosis was predominantly macrovesicular and noted to involve Ͼ33% (i.e., Grades 2 and 3) in 50%, 60% and 64% in biopsies from Groups 1, 2, and 3 respectively (P ϭ n.s.). Mean steatosis scores were 1.8 in hepatitis C genotype 3 and 1.72 in patients with all other hepatitis C genotypes. Steatosis was predominantly noted in acinar zone 3 in 33.3%, 43.8%, and 40% of the non-cirrhotic biopsies in Groups 1, 2, and 3, respectively, and more diffusely in all other biopsies. Mallory's hyaline, although noted in biopsies from all groups, was documented more commonly, but not statistically significantly, in the biopsies from Group 2, hepatitis C ϩ alcohol (57%), compared with Group 1, non-alcoholic hepatitis C patients (40%), and Group 3, nonalcoholic, nonhepatitis C biopsies (36%).
Histologic evidence of cirrhosis was noted in 26%, 25%, and 27% of biopsies for Groups 1, 2, and 3 (P ϭ n.s.). In the cirrhotic biopsies, Mallory's hyaline was noted in 53%, 75% and 25% respectively. Table 3 summarizes the clinical findings in the three patient groups. Overall, significant differences in the proportion of men in each group were not found. The frequency of obesity (as defined by BMI of Ͼ30) was 75%, 60%, and 33% in Groups 1, 2, and 3 (P ϭ n.s.); the "overweight" body mass index range of 25-30 was noted in 19%, 27% and 67%, respectively (P ϭ n.s.). Thus, BMI ranges above ideal body weight were noted in 94%, 87% and 100% of patients within the 3 groups. Diabetes, as defined by prior clinical documentation of disease, was found in 29% of all patients but trended toward being greater in hepatitis C Groups 1 (35%) and 2 (25%) than in non-hepatitis C Group 3 (8%). In addition, diabetes was found in 8/23 (35%) with cirrhosis, and 17/62 (27%) without cirrhosis (P ϭ n.s.). Hypertriglyceridemia and hypercholesterolemia were noted in each group, but the prevalence of each was not statistically significantly different between groups. Hypertension was found in 30%, 25%, and 9%, in Groups 1, 2, and 3. Table 4 summarizes the biochemical values and virologic results of each group. Hepatitis C genotype data was available in 51 patients; genotype 3 was documented in five patients, three of whom were in Group 2.
DISCUSSION
Liver biopsy evaluation is common in evaluation of many forms of liver disease and can be useful for characterizing the extent of necroinflammatory damage and architectural remodeling as well as detecting possible coexistent lesions (7, 19) . In our biopsy practice, it was noticed that the lesions that have come to be accepted for steatohepatitis were seen in other forms of clinically-defined liver disease. This retrospective analysis of 34 months accrual of liver biopsies at Saint Louis University Hospital found that defined histologic features of steatohepatitis coexisted in up to 5% of nonallograft liver biopsies from patients with other liver diseases, even in the absence of significant alcohol consumption.
In contrast to alcoholic and nonalcoholic steatohepatitis, most other liver diseases can be diagnosed on the basis of clinical features and serologic tests (e.g., hepatitis C is diagnosed by antibody studies and viral RNA). Histologic evaluation of liver biopsy remains a significant component for the diagnosis of steatohepatitis, as there currently are no specific diagnostic laboratory tests (2, 20, 21) . The histologic features of steatohepatitis are distinct (2, 4 -6) , and the types of inflammation and fibrosis generally do not overlap with the predominantly portal-based features of other chronic liver diseases (7) . Also, in contrast to many other forms of chronic viral, metabolic, and cholestatic liver disease in which discriminate lesions may occur, the morphologic features of steatohepatitis in adults are similar, regardless of the underlying etiologies. These lesions include steatosis, mild mixed lobular acute and chronic inflammation, liver cell injury as manifested by ballooning degeneration of hepatocytes, and intra-acinar perisinusoidal fibrosis; the lesions in the non-cirrhotic liver often predominate in acinar zone 3. Other features that may be seen include Mallory's hyaline in ballooned hepatocytes, glycogenated nuclei, and lipogranulomas of varying size. Portal inflammation is typically mild, if present, and portal fibrosis and/or bridging fibrosis are not appreciated until later stages of the process have developed. It is well known that many of the histologic features of nonalcoholic steatohepatitis are similar to lesions of steatohepatitis of alcoholic origin (4, (22) (23) (24) (25) . Pathologists, however, are not always privy to the history of possible alcohol use and often cannot reliably distinguish mild steatohepatitis of alcoholic and nonalcoholic etiologies by morphologic examination alone (4 -6).
Thus, in this study, no effort was made to exclude biopsies from patients who were subsequently noted to have a history of alcohol use during the chart review. It is interesting to note that the features of steatohepatitis were the same with regard to degree of steatosis, degree of fibrosis and presence or absence of Mallory's hyaline in patients with hepatitis C consuming less than 10 g of alcohol per day and those consuming more than 80 g/day.
Steatosis is recognized as a common finding in liver biopsies (5) . In chronic hepatitis C, macrovesicular steatosis has been reported in varying amounts, ranging from 31% to 70% in biopsies from adults and children (26 -29) . In patients with hepatitis C, steatosis has been noted to be more common in infections with genotype 3 (30 -33) and may be associated with increased fibrosis (31, 34) . In this study, we found that of the 51 patients with hepatitis C for whom genotype information was available, only 10% were infected with genotype 3. The true prevalence of genotype 3 hepatitis C infection in our referral population is not known, thus the 25 27 significance of this finding is unknown. Additionally, investigators have considered hepatocellular steatosis as related to obesity and not necessarily due to hepatitis C (35), whereas others have proposed that steatosis in hepatitis C is a manifestation of viral cytopathic effect (32, 36) . At the current time, all factors that may result in steatohepatitis are not well known, but obesity and the related metabolic consequences of insulin resistance have been identified as significant risk factors in large proportions of affected populations (21, (37) (38) (39) (40) (41) (42) (43) . Likewise, the concurrence of diabetes and hepatitis C is an area of active investigation (44) . It is significant therefore that in the current study, 66% of all patients studied were obese, while 26% were considered overweight and 29% had evidence of diabetes. Both obesity and diabetes were more often found in the two groups with chronic hepatitis C, than the group with non-hepatitis C forms of liver disease.
In the current study, inclusion criteria mandated that all of the biopsies showed not only steatosis but also perisinusoidal fibrosis, as this type of fibrosis is not considered a characteristic feature of other chronic necroinflammatory liver diseases (7) . Perisinusoidal fibrosis, particularly in zone 3, is a common histologic indication of ongoing or past involvement by steatohepatitis of alcoholic or nonalcoholic etiologies (4 -6, 22, 45, 46) , but this form of fibrosis is not an identified characteristic feature of uncomplicated hepatitis C infection, as noted in studies that have compared histologic lesions of hepatitis C with and without steatohepatitis (47) (48) (49) . Therefore, the presence of perisinusoidal fibrosis was a required histopathologic finding for inclusion in this study.
Recently, it has been suggested that the progression of fibrosis in patients with hepatitis C is related to increased body mass and histologic evidence of steatosis (31, 34, 50 -52) . Most of these studies correlated increased portal-based fibrosis with steatosis (31, 34, 52) and were not clearly focused on lesions of concurrent steatohepatitis. In our study, the aim was to document coexistence of steatohepatitis utilizing accepted criteria with other forms of liver disease, and thus, we were not evaluating the possibility of progression of fibrosis in these patients.
When compared with all other forms of liver disease, the coexistence of steatohepatitis in our series of 85 patients was not proportionately greater in terms of statistical significance in patients with hepatitis C compared with other forms of liver disease. An inter- 
All P values were nonsignificant as indicated by 2 analysis, except that for mean BMI, which was nonsignificant as calculated using ANOVA on ranks. BMI, body mass index.
a History of coronary artery disease or peripheral vascular disease. The values are those recorded in the chart at the time closest to the first biopsy in patients for whom there were two biopsies. P values were all nonsignificant, as indicated by Kruskal-Wallis ANOVA on ranks, except that for Hepatitis C genotype, which was indicated by 2 . ALT, alanine aminotransferase; AST, aspartate aminotransferase.
a Genotype information was only available in 51 patient charts.
pretation of this result is that these are two common liver diseases (53, 54) , which sometimes overlap by chance rather than a proclivity for steatohepatitis to be seen with a particular form of liver disease. Limitations in the current study include that it is a retrospective review, is based on biopsies from patients referred to a large academic referral practice of liver disease, and includes a relatively small number of biopsies. However, because of the stringent histologic entry criteria for inclusion in the study to include only cases with evidence of perisinusoidal fibrosis in addition to the other lesions of steatohepatitis, our results quite possibly underestimate the actual concurrence of steatohepatitis with other forms of chronic liver disease. This certainly may be true when one considers the observations that cryptogenic cirrhosis, in which diagnostic histopathologic lesions of ongoing disease are no longer present, may be due in part to previous nonalcoholic steatohepatitis (55) .
In conclusion, we have documented cases in which a liver biopsy done for a clinically-defined liver disease also showed the distinct, diagnostic histopathologic features of steatohepatitis. This finding was noted in biopsies from patients with chronic hepatitis C as well those with several other forms of chronic liver disease. Although alcohol use of Ͼ80 g/day was noted in a small proportion of cases, in the remainder alcohol use was reported as Ͻ10g/d and therefore would not be attributed as the underlying cause of the histologic lesions. The frequency of such concurrence may reflect the frequency with which steatohepatitis is present in our population, rather than a predisposition to occur in a certain form of liver disease. Further study is required to evaluate the significance of concurrent lesions in liver disease patients with regard to progression of the two diseases.
